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Introduction
The Ultrasonic Cardiac Output Monitor (USCOM, USCOM Ltd, Sydney, Australia) is a non-invasive device that uses transcutaneous Doppler ultrasound to measure flow across the aortic or pulmonary valves. 1 The measurement, in conjunction with other parameters, is used to estimate cardiac output, stroke volume and systemic vascular resistance. The device is portable, simple-to-use and may be operated by physicians or nurses. 1 Since 2001 when it was first used for clinical purposes it has been shown to be valid and reliable. [1] [2] [3] [4] [5] [6] [7] [8] USCOM may be used for cardiac output monitoring in adults and children to assess shock, and possibly to direct early goal-directed therapy . [9] [10] [11] [12] [13] Before a new instrument is used on patients, and especially children, it is helpful to explain whether the procedure is painful or not and to give some experiential reference to which they can identify. Unlike many ultrasonic procedures, the USCOM probe when used in the suprasternal notch to assess aortic valve flow, needs to be pressed down quite deeply on the skin and tissues. Volunteer subjects and patients have reported that this procedure can be quite uncomfortable.
Our experience with USCOM suggests that the procedure in most cases should not be any more painful than having blood pressure (BP) measured with an automated cuff. With this in mind, we investigated whether USCOM was more or less painful in healthy children aged 3-12 years than having blood pressure measurements using the standard oscillometric method.
Methods

Study design
Ethical approval was obtained from the Chinese University of Hong Kong to conduct a cross-sectional study evaluating USCOM in healthy children. This study was conducted as a part of the "Healthy children's vital signs and USCOM values" project. The primary aim of the study was to develop normal reference ranges but we also collected data to compare the difference between children's self-reported pain responses to USCOM scanning and blood pressure measurement. Written informed consent was obtained from the parents or legal guardians of all subjects prior to commencement of data collection.
Subjects
A study population of Chinese children was recruited through kindergarten and schools in Shatin of the New Territories East district of Hong Kong. Invitation letters were sent to the principals of schools and kindergartens of the district. Six primary schools and 8 kindergartens agreed to participate. Information sheets and consent forms were distributed to the classes for the parents or guardians, and their consent for participation was obtained. A convenience sample of healthy children was obtained. Inclusion criteria for this particular study were children of Chinese ethnicity who were between 3 to 12 years of age. Exclusion criteria were current symptoms of illness, such as symptoms of upper respiratory tract infections, congenital or chronic conditions, and current use of medication.
USCOM and Oscillometric blood pressure
The USCOM device consists of an operating module with an attached handheld 2.2 MHz transducer probe. The probe is about the size of a pen and is used transcutaneously. To obtain measurements, the probe is placed at the patient's suprasternal notch to measure blood flow through the aortic valve, or at the 3rd-4th left intercostal space parasternally for the pulmonary valve. Discomfort or pain may be associated with the mechanical pressure applied with the probe (Figure 1 ). The suprasternal notch of a child may be anatomically more susceptible to this form of discomfort or pain. A standard oscillometric device (Patient Monitor BX10ne, Colin Medical Technology Corporation) was used for measuring BP. It consisted of a cuff that could be wrapped around the upper arm and inflated automatically to a pressure according to the device's operational design, and then deflated slowly as the readings were obtained. Three different sizes of cuffs were available for use, selected according to the subjects' mid-arm circumference measurement. The duration for completion of one automated BP measurement was usually not longer than one minute.
Definitions
The literature suggests that 'facial expression' instruments are the preferred method of pain reporting by children. 14 The Wong-Baker FACES pain scale is a widely used self-report pain intensity measure intended for assessing acute procedural or post-operative pain in children aged 3-18 years old. 15, 16 It is one of the five pain scales listed by the United States National Institute of Health (NIH) as the instruments used by researchers at the NIH Clinical Centre (Pain intensity scales. NIH Pain Consortium. Available at: http://painconsortium. nih.gov/pain_scales/Wong-Baker_Faces.pdf ). The scale comprises six 'faces' with expressions ranging from smiling to crying, each associated with a score. The score increases with increase in the level of distress or pain as shown on the expression, with '0' representing 'no hurt' and '5' representing 'hurts worst'. It has the advantage of being easy to administer, requiring minimal instr uctions. The instr ument can be downloaded from the NIH Pain Consortium website. A one-face change has been demonstrated to be the minimum clinically significant change in facial expression pain scales.
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Data and measurements
Two trained research assistants collected data for this study. Data were collected in the school setting, with each subject isolated from other children and their teachers. Measurements were obtained with the subjects in the supine position. BP was measured first. One of the two researchers applied an appropriated sized cuff around each child's right arm and completed the automated measurement. Afterwards, USCOM measurements were obtained by the same researcher using the aortic access area (with the probe pressed against the suprasternal notch). The duration of rest between BP and USCOM measurements was approximately 5 minutes.
The discomfort experienced by the child during each intervention was then assessed by the same researcher using the Wong-Baker FACES pain rating scale printed on an A4-size sheet of paper. 14, 15 The children were asked to choose the 'face' that best represented their level of discomfort from blood pressure measurement. Then, they were asked to indicate the 'face' associated with their level of discomfort experienced during USCOM scanning.
The research assistants were trained in the use of USCOM by representatives of the USCOM company together with a local expert physician. This training met current published standards reported as necessary for inexperienced operators to obtain reliable measurements. 18 Training included one direct teaching session on theory followed by three hospital-based 4-hr sessions of hands-on training. The research assistant then performed USCOM measurements on forty subjects, exceeding the number proposed (i.e. 20 proctored assessments) for competence in the technique according to the Fremantle protocol criteria. 18 The operator's proficiency was independently evaluated and qualified by the local expert physician. The average time for performing USCOM measurements by our research assistants was about 4-5 minutes (duration of transducer placement), although we did not time the durations during this study.
Statistical analysis
The median pain score with interquartile range for BP measurement and corresponding values for USCOM measurement were calculated. The Wilcoxon signed rank test was used to compare pain scores of each subject between bloo d pressure and USCOM measurements. The Wilcoxon signed-rank test is a non-parametric statistical hypothesis test used when c o mp a r i n g t w o re l a t ed s a m p l e s o r r e p e a t e d measurements on a single sample to assess whether their population mean ranks differ (i.e. it is a paired difference test). It can be used as an alternative to the paired Student's t-test when the population cannot be assumed to be normally distributed or the data is on the ordinal scale. In our study, a difference in median Wong-Baker pain score of one point was considered to be clinically relevant. 15 In addition to the overall comparison, subgroup analysis according to age of subjects was performed. Gender differences in pain score were analysed using Mann-Whitney-U test. The statistical package used was StatView v5.0 (SAS Institute Inc. 1998).
Results
A total of 254 subjects (131 boys, 123 girls) were included. Their ages ranged from 3 to 12 years old, with a mean of 7.9 years and SD of 2.4 years. The median pain score for USCOM measurement was 1.0 (95% CI=1.0 to 2.0) with interquartile range 1.0 to 2.0. The median pain score for BP measurement was 1.0 (95% CI=1.0 to 1.0) with interquartile range 0.0 to 2.0. Figure 2 compared the two sets of pain score measurements using Box plots to demonstrate the spread of the data (medians, quartiles, upper and lower limits, and outliers). Wilcoxon signed rank test indicated that overall, the pain score associated with USCOM was significantly higher than that associated with BP measurement; and this was also demonstrated in subgroup analysis of the 7, 8, 10 and 11 year agegroups (Table 1) . However, overall, the difference in median pain scores between the two groups failed to reach the minimum clinically significant difference of one-point. No significant difference was shown between boys and girls.
USCOM measurements were obtained successfully in all 254 cases. Data from our "Healthy children's vital signs and USCOM values" project", of which this study is a component, showed that fewer than 1% of our children were excluded due to refusal to participate. 
Discussion
USCOM has potential to become more widely used in the emergency department (ED) setting, as a noninvasive tool for assessing cardiac output. [6] [7] [8] 11, 13, 19 A recent study suggests that it is also feasible in the prehospital setting. 20 USCOM allows a more objective and rational approach to managing hypovolaemia and septic shock, and may be incorporated into a protocol for early goal-directed therapy in sepsis. Early recognition and treatment of paediatric septic shock improves outcomes. 11, 12, 21 Non-invasive cardiac output monitoring is able to identify shock before hypotension occurs, and therefore may be incorporated into an ED septic shock protocol. 13 USCOM has been shown to have acceptable inter-rater agreement as a clinical instrument used in children although its tolerability in children has not been studied and quantified. 6 Moreover, one of the limitations suggested by Stewart et al in their study of inter-rater agreement was that cardiac output measurements can vary quickly as a result of the child's response to anxiety and pain. 6 Our findings demonstrate that children report a lowintensity level of pain associated with USCOM measurements performed by trained research assistants (with their level of experience as described above). The magnitude of this discomfort is greater than that reported from having noninvasive BP measurement taken. Our study shows that although this difference is statistically significant, the overall difference is not clinically significant.
BP measurement was chosen as a comparison to USCOM measurements because the technique of manual or automated non-invasive BP measurement is a procedure with which patients are more familiar, is frequently performed in healthcare settings and, similar to USCOM, is non-invasive and is useful for patient triage, assessment, diagnosis and subsequent decision-making in a wide variety of clinical situations. BP measurements are simple and reproducible using a wide range of oscillometric monitors while USCOM is more operator-dependent. The results from our study will provide an important key reference for healthcare providers in communicating with children or their parents especially if USCOM is to be more extensively used clinically. Although it could be argued that we would be extrapolating results from a healthy study population to clinical settings in which children are usually ill and in some kind of distress or discomfort, studying a healthy population does have an important advantage in that confounding causes of pain can be minimised. On the contrary, it would be more difficult to independently assess pain or discomfort associated with USCOM or BP measurement in a child who is already suffering from an illness or injury.
There are a few limitations to our study. Firstly, it is not possible to blind subjects or operators to the technique and so bias cannot be totally excluded. However, bias could have been reduced by having one research assistant perform USCOM and having the other assess pain. Secondly, It is also possible that the fixed sequence of BP measurement followed by USCOM measurement, without a cross-over design, could have affected pain perception from the latter procedure as a result of influence from the former procedure or experience. Nevertheless, in each case we needed to enter the BP reading into the USCOM machine in order to obtain all the haemodynamic measurements in real-time, therefore BP had to be measured first. Thirdly, USCOM, similar to any ultrasound scanning technique, is operator-dependent and some operators may be more heavy handed than others. Although our two research assistants had received adequate formal training, other operators using USCOM may not possess the same basic degree of expertise. It is expected that as the level of difficulty in obtaining an acceptable measurement increases, the pressure applied to the probe would be increased, thereby causing more discomfort to the patient. Novice users may also need to spend more time capturing each tracing, which is likely to cause more discomfort to the child. The duration of suprasternal transducer placement, when performed by our research assistants, is approximately 4-5 minutes on average.
In conclusion, USCOM appears to be tolerated well and acceptable by healthy children aged 3 to 12 years old, and evidence from our study shows that the dis comfo r t or pain rep or ted during US COM measurement is comparable to that associated with blood pressure measurement. Therefore, it is feasible to apply USCOM more widely in children in the clinical setting.
